This study examined the expression of a neuron-specific cell adhesion molecule, OBCAM (opioid-binding cell adhesion molecule), at both the mRNA and protein levels in the cat primary visual cortex at various postnatal ages, using cDNA array analysis and immunocytochemistry. Results obtained using both methods showed that the expression level of OBCAM was high in young and low in older and adult visual cortex. OBCAM-immunoreactivities were associated predominantly with perikarya and dendrites of pyramidal neurons, and OBCAM-immunopositive neurons were present in all cortical layers. Immunostaining of OBCAM in adult visual cortex showed a reduced number of immunopositive neurons and neurites and relatively lower staining intensities as compared with younger animals. In addition, the number of OBCAM-immunopositive neurons was significantly higher in the visual cortex of 4-month-old animals dark-reared from birth than those in age-matched normally reared animals. These results suggest that OBCAM may play an important role in visual cortex development and plasticity.
Introduction
Since the pioneering work of Wiesel and Hubel (1963) , extensive investigations have improved our understanding of visual cortex development and plasticity (Hubel and Wiesel, 1970; Movshon and van Sluyters, 1981; Sherman and Spear, 1982; Fregnac and Imbert, 1984; Daw, 1995) . Much is now known about the functional characteristics of visual cortex plasticity, such as the conditions and timing of interventions that can affect visual cortex development. The time-course of maturation of visual response parameters such as the receptive field properties of cortical neurons, as well as the critical period during which neuronal connectivity in the visual cortex is sensitive to experience-dependent modifications, have been well characterized. At the cellular and molecular levels, a number of neurotransmitters, neurotrophins and hormones have been shown to play important roles in visual cortex plasticity (Rauschecker, 1991; Cellerino and Maffei, 1996; Katz and Shatz, 1996; Gu, 2002; Berardi et al., 2003; Daw, 2004) . Recently, it has also been shown that blockade of protein synthesis in the visual cortex but not in the lateral geniculate nucleus (LGN) prevents ocular dominance plasticity , suggesting that gene expression in the visual cortex is crucial for its developmental plasticity. Despite the progress in our understanding of visual cortex plasticity, many issues at the molecular level remain to be elucidated. With emerging techniques such as cDNA array analysis, it is now possible to examine the expression pattern of a large number of genes at once, and questions concerning visual cortex development and plasticity at the molecular level can be investigated in greater detail. We have been using highdensity cDNA array technology to analyze gene expression patterns in the visual cortex during postnatal development (Prasad et al., 2002) . Our hypothesis is that differential gene expression may contribute to neuronal plasticity in the developing visual cortex. This hypothesis requires continuing expression of crucial molecules when visual cortex is adjusting and fine-tuning its neural circuitry within a critical period during postnatal development. The expression levels of plasticity candidate genes have to be either high at the peak of visual cortex plasticity during early postnatal development and low in mature visual cortex, or else the opposite, depending upon their particular role. Thus, for example, elevated expression levels may be expected early in life for genes that code for proteins necessary for activity-dependent sprouting and retraction of axons, as well as consolidation and elimination of synaptic connectivity.
In the present study, we focused on a neuron-specific cell adhesion molecule, OBCAM (opioid-binding cell adhesion molecule), which was first purified from rat brain as an opioid-binding protein with the molecular weight of 58 kDa (Cho et al., 1986) . Subsequent sequence and structure analyses have revealed that it contains 345 amino acids, including three immunoglobulin-like domains anchored to the membrane through a glycosylphosphatidylinositol tail, and that it belongs to the immunoglobulin (Ig) superfamily of cell adhesion molecules (Schofield et al., 1989) . In the nervous system, a variety of Ig-superfamily cell adhesion proteins have been discovered which are important regulators of axonal growth, fasciculation, synaptogenesis and synaptic plasticity (Brummendorf and Rathjen, 1996; Faivre-Sarrailh and Rougon, 1997; Walsh and Doherty, 1997; Boulanger et al., 2001) . Although a specific physiological function of OBCAM has not been established, available evidence concerning the general properties of cell adhesion molecules suggests that they may be of particular relevance to neuronal plasticity since they intervene in most cell--cell and cell--matrix interactions and participate in the establishment and remodeling of neural circuits (Doherty et al., 1995; Hoffman, 1998; Ronn et al., 1998; Boulanger et al., 2001; Kiss and Muller, 2001 ).
We used a commercially obtained cDNA array (Prasad et al., 2002) to detect OBCAM expression at the mRNA level at various postnatal developmental stages, and employed a specific monoclonal antibody against amino acids 185--202 of OBCAM (Hachisuka et al., 1996; Nakajima et al., 1997) to examine the distribution and developmental changes of OBCAM in cat primary visual cortex. Our results revealed similar expression profiles of OBCAM at both mRNA and protein levels, namely high expression levels at~30 days of age and lower expression levels in adult visual cortex. In addition, there was a higher expression level of OBCAM in the visual cortex of dark-reared 4-month-old animals than in the visual cortex of age-matched normal animals. These data indicate that OBCAM expression is positively correlated with the level of visual cortex plasticity, an observation that suggests that OBCAM may play a crucial role in the postnatal development of the visual cortex, specifically through involvement in activity-dependent synaptic modifications. cDNA Microarray Procedures dealing with cDNA array experiments have been described in detail elsewhere (Prasad et al., 2002) . In brief, animals were deeply anaesthetized with pentobarbital (Euthanyl, 150mg/kg body weight) and transcardially perfused with ice-cold phosphate buffer (0.1 M, pH 7.4) for a few minutes. The brains were quickly removed. A block of tissue from the primary visual cortex was cut and then frozen at -80°C. Total RNAs were isolated from tissue blocks by using Trizol reagent (Canadian Life Technologies, Burlington, Ontario, Canada), as per the manufacturer's instructions, and mRNAs were extracted from the total visual cortex RNA using magnetic Dynal beads (Dynal, Lake Sciences, New York, NY) according to the manufacturer's instructions. To ensure the absence of any genomic DNA contamination, the mRNA samples were incubated with DNase I followed by phenol/chloroform extraction and ethanol precipitation. The concentration of mRNA was determined by spectrophotometric measurement at a wavelength of 260 nm. Single-stranded cDNA probes were derived from the poly(A)+ RNAs. A 2.5 lg quantity of poly(A)+ RNA was reverse-transcribed using Superscript II reverse transcriptase (Canadian Life Technologies), as described in the manufacturer's protocol, using oligo dT 18-mer for priming. Radioactive labeling was achieved by incorporating 50 lCi of [a-33 P]dATP (Amersham, Baie d'Urfe, Quebec, Canada; 3000 Ci/mmol) in the reverse transcription reaction. The unincorporated nucleotides were removed using G-50 Micro Columns (Pharmacia, Baie d'Urfe, Quebec, Canada) as described in the manufacturer's protocols. Following the removal of unincorporated nucleotides, the radioactively labeled cDNA probes were boiled for 3 min and then chilled on ice. To degrade RNA, 1 N NaOH was added to a final concentration of 0.25 N and incubated at 37°C for 10 min. The reaction was then neutralized by adding 1 M Tris (pH 6.8) and 1 M HCl to final concentrations of 0.2 and 0.1 M respectively. The degraded RNA was then removed using the G-50 Micro Columns as above. Approximately 20% of the labeled nucleotides were incorporated in the final cDNA probes. The cDNA probes were hybridized to high-density human gene discovery array nylon membranes, which were spotted with 18 732 non-redundant human cDNA clones (Genome Systems Inc., Palo Alto, CA). The incubation was conducted within glass tubes in a hybridization oven in a volume of 10 ml with the DNA side facing the inside of the tubes. The array membranes were prehybridized for periods ranging from 2 h to overnight at 37°C in a buffer containing 0.75 M NaCl, 0.1 M sodium phosphate (pH 7.5), 0.15 M Tris (pH 7.5), 0.1% sodium pyrophosphate, 53 Denhardt's solution, 0.2% sodium dodecyl sulfate (SDS), 50% formamide, 1 lg/ml poly(A) and 100 lg/ml denatured salmon sperm DNA. Hybridization was carried out in a fresh 10 ml buffer containing 2 3 10 7 c.p.m. of cDNA probe for 18 h at 37°C. The 33 P-labeled cDNA probes were blocked for repeat elements using Cot1 DNA (Canadian Life Technologies) as recommended by the supplier and hybridized individually to each filter overnight. Following hybridization the array membranes were rinsed first in 500 ml of 23 saline sodium citrate (SSC) at room temperature for 5 min. Each array membrane was then washed twice in 500 ml of 23 SSC, 0.1% SDS at 65°C for 30 min followed by two high stringency washes in 500 ml of 0.63 SSC, 1% SDS each at 65°C for 30 min. The array membranes were then wrapped in plastic wrap and exposed to the phosphor imaging screens for 2--4 days. The images on the exposed screens were scanned on a STORM Phosphor Imaging System (Molecular Dynamics, Sunnyvale, CA) for quantitative analysis of hybridization intensities. After image acquisition, the scanned 16-bit images were imported to a PC Pentium III computer and image analysis was performed using purpose-built grid analysis extract software (Prasad et al., 2000 (Prasad et al., , 2002 .
Materials and Methods

Animals
Western Blot
A 4-week-old kitten was deeply anaesthetized with pentobarbital (Euthanyl, 150 mg/kg body weight) and transcardially perfused with ice-cold phosphate buffer (0.1 M, pH 7.4) for 5 min. A block of tissue from the primary visual cortex was cut and then frozen at -80°C. Ten volumes of ice-cold triple detergent containing 50 mM Tris--HCl (pH 8.0), 150 mM NaCl, 0.02% sodium azide, 0.1% SDS, 1% NP-40, 0.5% sodium deoxycholate, 100 lg/ml phenylmethylsulfonyl fluoride and 1 lg/ml aprotinin were added to one unit per weight of frozen brain tissue (10 ml/g tissue). The brain tissue was teased apart using a pair of forceps and the solution was incubated on ice for 30 min. The mixure was pipetted several times to improve solublization of the tissue. High-molecular-weight chromosomal DNA was sheared by sonication for 1 min at maximum power. The solution was then centrifuged at 15 000 g for 5 min at 4°C. The proteins were denatured by boiling in buffer for 5 min. Following spin down of the protein solution for 30 s, protein samples (30 ll) were loaded onto 8% SDS--polyacrylamide gel and electrophoresed at 200 V for~40 min until the dye front migrated tõ 5 mm from the bottom of the gel. The gel was then washed with transfer buffer for 15 min and transferred onto a polyvinylidene difluoride membrane at 20 V and 135 mA for~30--45 min. The membrane was then incubated with 5% bovine serum albumin (BSA) and 0.1% Tween-20 in 0.1 M phosphate buffer at 4°C overnight. After rinses, the membrane was incubated with the anti-OBCAM antibody (1:10 000) for 1 h at room temperature. After rinses, the membrane was incubated in HRP-conjugated anti-mouse antibody (1:1000) for 1 h at room temperature. After further rinses, the excess liquid from the washed membrane was drained onto a paper towel and the membrane was placed protein side up on a piece of Saran wrap. The membrane was covered with the detection solution (Amersham ECLä Western blotting analysis system) for 1 min. Photographic film (Kodak BioMax MR film) was placed on the membrane for 1 min and the ECL signal detected by subsequent standard development of the film.
Immunocytochemistry
Experimental procedures concerning immunocytochemistry were similar to those described before (Gu et al., , 1994 . In brief, animals were deeply anesthetized with an i.p. injection of pentobarbital (150 mg/kg body weight) and perfused briefly with 0.9% saline in 0.1 M phosphate buffer, pH 7.4 (PBS), followed by a fixative solution containing 4% paraformaldehyde. The brains were removed and preserved in fixative at 4°C overnight. The visual cortices were sectioned (40 lm) in either the frontal or the parasagittal plane with a vibratome. The sections were washed in PBS for 15 min four times. To block endogenous peroxidase activity, the sections were immersed in PBS with 3% hydrogen peroxide and 10% methanol for 20 min. After four washes with PBS for 15 min each, the sections were incubated with normal goat serum to block nonspecific binding of the secondary antibody for 1 h at a concentration of 20% in PBS with 3% BSA at room temperature, and then incubated with the primary antibody (1:2500) at 4°C overnight. After four rinses in PBS for 15 min each, the sections were incubated for 1 h in biotinylated anti-mouse antibody diluted 1:200 in PBS containing 3% BSA, again rinsed four times in PBS, and finally incubated for 1 h in a Vectastain avidin--biotin--complex (ABC) kit. Following this incubation and four rinses, the sections were incubated for 5 min with diaminobenzidine (0.7 mg/ml PBS) and then 0.01% hydrogen peroxide was added. After 10 min incubation and a final wash in PBS, they were mounted on slides, dehydrated in increasing alcohol concentrations to xylene and coverslipped.
Sections adjacent to those used for immnocytochemical labeling were Nissl-stained. For classification of cortical laminae, we relied on the criteria of Mower and Chen (2003) for the neonatal age (1-weekold) and Otsuka and Hassler (1962) for all other ages. Considering that the laminar thickness varies within the primary visual cortex, and that the thickness of the same layer changes during development, we adopted a semi-quantitative measurement to compare relative density of immunopositive cells in a given cortical region. Two 100 lm wide strips from each animal's primary visual cortex were randomly selected. Data were calculated to the relative cell numbers per 100 3 100 lm and averaged from these two strips for each animal. For statistical analyses of OBCAMimmunopositive cell densities in the primary visual cortex, we used a 5 3 5 (ages 3 laminae) analysis of variance (ANOVA) to calculate the level of significance of differences among different cortical layers and different ages during postnatal development, and a 4 3 5 (repeated measures 3 laminae) ANOVA to determine the level of significance of differences in different cortical layers between normal and dark-reared animals, respectively. Following ANOVA, differences between pairs of group means were tested using Fisher's PLSD post hoc tests.
Results
Using cDNA arrays, mRNA levels of OBCAM in newborn, 30-day-old and adult visual cortex were examined. In addition, determinations of mRNA levels of OBCAM in the visual cortex of 4-month-old dark-reared animals (which should retain a high level of plasticity) as well as in retinal choroidal tissue of adult cats, which is a structure of the visual system that should exhibit little plasticity were carried out. The cDNA array results of OBCAM hybridization signals are shown in Figure 1 . The expression level of OBCAM mRNAs was high in 30-day-old normal and in 4-month-old dark-reared visual cortex and low in newborn and adult visual cortex, as well as in choroidal tissue. These data indicate that at the mRNA level, OBCAM expression is high when the visual cortex is more plastic and low when there is little plasticity.
As the level of mRNAs in biological systems may not truly reflect the amount of proteins present (Anderson and Seilhamer, 1997; Abbott, 1999; Gygi et al., 1999) , we also performed immunocytochemistry to examine OBCAM-positive neurons in cat visual cortex. The anti-OBCAM antibody used in this study (OBC53) was directed against amino acids 185--202 of OBCAM and was previously shown to be specific against rat, mouse, guinea pig, rabbit and bovine tissue (Hachisuka et al., 1996) , indicating that OBCAM is a relatively conserved molecule during evolution. To determine whether OBC53 was also specific against cat tissue, Western blots were performed using proteins derived from a 4-week-old kitten visual cortex. Our results showed two bands, at 58 and 51 kDa respectively (Fig. 2) , which represent the two major glycosylated forms of OBCAM (Hachisuka et al., 1996) . This labeling pattern is similar to that obtained using proteins from other species (Hachisuka et al., 1996) , thereby indicating that the monoclonal antibody OBC53 remains specific in cat visual cortex.
To determine the profile of postnatal development of OBCAM in the primary visual cortex at the protein level, immunocytochemical staining was performed using tissue sections from 1-week-old, 2-week-old, 4-week-old, 6-weekold, 3-month-old and adult cat visual cortex. In 1-week-old animals, immunopositive neurons were abundant in the visual cortex (Fig. 3) . OBCAM-immunoreactivity was predominantly associated with perikarya including both pyramidal and nonpyramidal neurons. Immuno-labeling of the dendrites of pyramidal neurons was also evident. The morphological characteristics of labeled OBCAM-immunopositive neurons did not show much change through postnatal development. However, in adult visual cortex the overall intensity of immunostaining was somewhat lower and there was less neurite labeling as compared with younger animals (cf. Figs 3--5) . The density of OBCAM-immunopostive neurons in visual cortex of 1-week-old animals was approximately uniform in all cortical layers except for layer I, where the density of OBCAM-positive cells was lower (Fig. 6) . A similar pattern of OBCAM-immunoreactivity was maintained in 4-week-old visual cortex (Fig. 7) , while in adult visual cortex the density of OBCAM-immunopositive neurons was much reduced (Fig. 8) . Figure 9 shows the changes in the relative density of OBCAM-immunopositive neurons in the visual cortex at different postnatal ages, as well as the laminar-specific changes in the pattern of OBCAM-immunoreactivity at different postnatal ages. Through postnatal one to four weeks, the overall number of OBCAM-immunoreactive neurons was high but had declined by six weeks of age. The number of OBCAMimmunopositive cells was reduced even further in the adult visual cortex.
To further determine whether OBCAM expression was purely age-dependent or rather associated with other factors such as the level of cortical plasticity, we investigated OBCAMimmunoreactivity in the visual cortex of 4-month-old animals that had been dark-reared from birth with that observed in the visual cortex of age-matched normal animals. Dark-rearing extends the closure of the critical period so that the visual cortex of such animals still retains considerable plasticity at 4 months of age (Cynader and Mitchell, 1980; Mower, 1991) . The results showed that the OBCAM-immunoreactivity in the visual cortex of dark-reared 4-month-old animals was higher than that of age-matched normal animals; more immunopositive neurons were evident in the former animals than the latter (Fig. 10a) . In comparison to the visual cortex of normal 4-month-old animals, OBCAM-immunopositive neurons were significantly more numerous in cortical layers II/III, IV and VI of dark-reared visual cortex, while no significant difference was found in layers I and V (Fig. 10b) . Additional experiments were carried out using frontal cortex of 4-month-old normal and dark-reared cats in order to confirm that dark-rearing did not affect OBCAM expression in non-visual cortical areas. OBCAMimmunoreactivity in the frontal cortex was not different between normal and dark-reared animals (Fig. 11) .
Discussion
It has been shown recently that blockade of protein synthesis in the primary visual cortex but not in the LGN disrupts ocular dominance plasticity in developing mouse visual cortex , suggesting that gene expression in the visual cortex is crucial for visual cortex plasticity. However, the kind(s) of genes that are highly expressed during the critical period for visual cortex plasticity remain to be identified. Our results showing that OBCAM-expression in cat visual cortex was high during early postnatal development and low at older and adult ages, suggest that OBCAM may be one of the candidate genes involved in visual cortex development and plasticity. Evidence to further support this notion was the observation that OBCAM protein levels were higher in the visual cortex of 4-month-old dark-reared animals than that observed in age-matched normal animals, a finding that fits with the higher level of cortical plasticity observed in the former as compared with the latter (Cynader and Mitchell, 1980; Mower, 1991) . The data from dark-reared and age-matched animals further suggest that the expression level of OBCAM in the visual cortex is not purely genetically preprogrammed or agedependent, and could be affected by additional epigenetic factors such as the rearing condition. Because OBCAMimmunoreactivity did not appear to change between 1 and 2 weeks postnatally (before and after eye opening), it does not appear likely that the expression level of OBCAM is linked to the onset of visual input. Also, the fact that OBCAMimmunoreactivity in the visual cortex of 4-month-old darkreared animals was greater than that observed in 4-month-old normal animals further suggests that OBCAM expression in the visual cortex is not positively correlated with the level of visually driven cortical activity. Previous experiments have shown that rearing animals in the dark to 5--6 weeks of age made visual cortex less plastic than normal, while rearing animals in the dark to 12--20 weeks made it more plastic. Animals dark-reared to 8--9 weeks of age exhibited a similar level of plasticity in the visual cortex plasticity to that observed in normal age-matched animals (Mower, 1991) . Thus, future experiments to compare the OBCAM expression level in visual cortex of dark-reared animals at these ages would provide additional data linking the level of OBCAM and plasticity. While molecular and anatomical data are all suggestive, a definite confirmation of involvement of OBCAM in visual cortex development and plasticity will require functional assessments.
To date, little is known about the function of OBCAM in the nervous system. Molecular sequence analysis (Schofield et al., 1989) revealed OBCAM as a cell adhesion molecule and a member of the immunoglobulin superfamily which is defined as possessing one or more extracellular immunoglobulin-like domains. Since evidence is available to suggest that other members of the immunoglobulin superfamily of cell adhesion molecules (IgCAM) play important roles in nervous system development, including axonal guidance (Tang et al., 1994; Stoeckli and Landmesser, 1995; Cremer et al., 1997) , contactdependent neurite outgrowth and retraction (Burgoon et al., 1995; Norenberg et al., 1995) , synaptogenesis (Hunkapillar and Hood, 1989) and neuronal plasticity (Faivre-Sarrailh and Rougon, 1997; Walsh and Doherty, 1997; Huh et al., 2000; Boulanger et al., 2001) , our results support the idea that OBCAM may serve an important function in visual cortex development and plasticity.
Our results indicate a good match between mRNA and protein levels of OBCAM in the visual cortex. Comparison of both mRNA and protein level was necessary, as there is often a mismatch between the levels of mRNAs and proteins (Anderson and Seilhamer, 1997; Abbott, 1999; Gygi et al., 1999) . High levels of mRNAs may not be translated into corresponding high levels of proteins and vice versa. For example, the mRNA level of brain-derived neurotrophic factor (BDNF) in the visual cortex was found to be lower in darkreared animals than that in age-matched normal animals, while the protein level of BDNF was higher in dark-reared animals than that in normal age-matched animals (Pollock et al., 2001) . In contrast, our results suggest that OBCAM belongs to the class of molecules whose expressions at mRNA and protein levels are positively correlated. Moreover, the positive correlation of OBCAM expression at mRNA and protein level also supports the validity of our cDNA microarray analysis, which is an emerging technique in neuroscience (Mirnics et al., 2001) and therefore requires independent data confirmation (Hess et al., 2001) .
In the developing visual cortex a variety of molecules have been identified as important factors for visual cortex plasticity, such as members of neurotransmitter systems (Kasamatsu and Pettigrew, 1976; Bear and Singer, 1986; Ramoa et al., 1988; Reiter and Stryker, 1988; Bear et al., 1990; Singer, 1993, 1995; Wang et al., 1997; Hensch et al., 1998) , neurotrophin family (Gu, 1995; Lo, 1995; Thoenen, 1995; Bonhoeffer, 1996; Cellerino and Maffei, 1996; Ghosh, 1996; Katz and Shatz, 1996; McAllister et al., 1999) , hormones (Daw et al., 1991) , proteases (Mataga et al., 1996 (Mataga et al., , 2002 Mu¨ller and Griesinger, 1998) and protein kinases (Gordon et al., 1996; Beaver et al., 2001; Di Cristo et al., 2001; . Our data showing that the level of OBCAM expression is higher in immature than in adult visual cortex and also higher in dark-reared older animals than in age-matched normal animals suggest that, in addition to the aforementioned molecules, cell adhesion molecules may also play an important role in visual cortex plasticity. Electrophysiological recording in hippocampus in vitro have already shown that members of IgCAM are critical for modulation of synaptic efficacy, such as the maintenance of long-term potentiation (Luthi et al., 1994 (Luthi et al., , 1996 Cremer et al., 1998; Huh et al., 2000) .
OBCAM shares stringent sequence homology with LAMP (limbic system-associated membrane protein) and neurotrimin, which are two other members of the IgCAM family. The initial letters of these three IgCAMs make up the highly homologous IgLON family. Neurotrimin and LAMP have activities that induce the outgrowth of neurites, and LAMP also has a function in the guidance of developing axons and remodeling of mature circuitry in the limbic system (Keller et al., 1989; Pimenta et al., 1995) . These findings, together with our observation that OBCAM expression in the visual cortex appeared to be better associated with the level of cortical plasticity, suggest that OBCAM may play an important role in visual cortex plasticity. Additional investigations are required to provide further insight into the functional role of OBCAM in visual cortex development and plasticity. 
